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DUALISTIC vs FIELD THEORY
• The particle and field formulation of electrodynamics 
A useful approximation
• A covariant field theory formulation is better
Fewer hypotheses
Lorentz force including radiation reaction
Bodies having finite extent/mass/charge of one sign
THREE HYPOTHESES
1. Fields are continuous and differentiable everywhere
No point, line, or surface charges.
2. Maxwell’s Equations are valid everywhere
3. Equipotential surfaces bound stable charged bodies
NECESSARY PRELIMINARIES
• Flat Minkowski space (x1, x2, x3, x4) = (x, y, z, ict)
• Shorthand notations: Fk = ∂F/∂xk
• Vector potential is: {Ak} = (A1, A2, A3, if)
• The field tensor is:
• Maxwell’s Equation
• Continuous  Fields
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Yield covariant forms for the mass density µ and the momentum density zl
µ = E






























Second order variation of I requires
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EQUATIONS
Tedious but straightforward manipulations yield
This equation will be satisfied if
l ≠ j 
When l =4, j= 1, 2, 3, 
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EQUATION OF MOTION II
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∇×E = 0 ∇×H =
!
β∇ iE ∇ iH = 0
E(r.z) = r̂Er + ẑEz = −∇φ H(r, z) = r̂Hr + ẑHz
!
β = θ̂β(r, z)
φ(α ,β,ζ ) = Cos(αζ )R(α ,β ) β = Cr ζ = Cz





















STATIC SOLUTIONS IN CYLINDRICAL COORDINATES
Static solutions require
Maxwell’s Equations
Solve these equations for 
cylindrical symmetry with







• To describe a static 
charged body, it is 
necessary that f have 
relative extrema.
• A static charged body 
must be surrounded by an 
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R is found from series solutions of
SOME PARTICULAR STATIC SOLUTIONS II
QUADRUPOLE MOMENT CAN BE ZERO.
BODIES ARE OBTAINED BY ROTATION 





A solution  when e = 1 - b << 1
When f = 0.019  β = 5 ×1012 r
Quadrupole moment ≈ 0
Magnetic moment ≈ me
Radius ro ≈ 2x 10-13 cm 
Height ≈ 4.8x 10-13 cm
Wall ≈ 1.24x10-18 cm
SUMMARY
A FIELD APPROACH TO CLASSICAL ELECTRODYNAMICS GIVES
• Charged bodies that are stabilized by their self fields
• The fully covariant equation of motion, including radiation reaction
• Calculable body properties: Finite charge, mass, extent, etc.
For more detail:
Universal Journal of Physics and 




•    Point bodies 
•    Strong forces
• Extra dimensions














• Curves should be adequate 
representations for b ≤ 0.7.
• The two bodies here have 
charge of opposite sign.
• The sign of the charge in a 
body can be changed by 
multiplying f by -1.
• Setting f = 0 can give  both 
positive and negative  charge 
in a single body. 
